This paper discusses the influence of organic matter contained in aggregate on the emission characteristic of ammonia (NH 3 ) from cement mortar. NH 3 can be released to indoor-outdoor environment through diffusion in mortar (or concrete) and have resulted in the increasing air pollution, and especially well known as a harmful gas for the human body. The concentration of NH 3 released from cement concrete was then compared to the contents of organic matter contained in the aggregate. The result indicates that the contents of organic matter in the aggregate significantly differ with types of aggregate from different areas of production. The organic matter becomes organic nitrogen through the process of microbial breakdown for a certain period and pure ammonium ion (NH 4 + ) is produced from the organic nitrogen. The NH 4 + was reacted with alkaline elements in the cement and released as NH 3 from cement concrete through a volatile process. The released NH 3 was proportional to the contents of NH 4 + adsorbed in the aggregate from different areas of production and the concentrations of NH 3 emission from cement mortar according to the aggregate differ by more than 4 times.
Introduction
Indoor air pollution is an important topic in modern times. People in western countries spend approximately 90% of their time indoors, so exposure to indoor air has a major impact on the overall intake of potentially hazardous air pollutants [1] . Air pollution has been associated with the induction or exacerbation of allergic conditions and asthma as well as with fatigue, headache, cough, and nasal, eye, throat or skin irritation [2] .
Especially one recent study from Japan has shown that NH 3 and VOC can be emitted from concrete [3] . And when visiting underground spaces that have poor ventilation or building that are surrounded by cement concrete, we can detect a pungent odor as the unique smell of concrete. This odor is caused by the various gases occurring by the hydration process of cement concrete (or mortar), while the amount and types of gas depend on the composite materials and environmental factors such as moisture, temperature etc. Among these gases, NH 3 can be released to indoor-outdoor environment through diffusion in concrete wall and have resulted in the increasing air pollution, and especially well known as a very harmful gas for the human body and it is easily released as NH 3 in the high pH environment of concrete [4] . NH 3 is a colorless, flammable alkaline gas with a pungent odor and is produced by the decomposition of nitrogenous organic matter [5] . The US Department of Health and Human Services has reported on the hazardous properties of NH 3 and presented an occupational safety and health guideline for NH 3 [6] . According to the Occupational Safety and Health Administration (OSHA), continuous exposure to above 25ppm of NH 3 in the air can cause headaches, nausea and even serious burning of the eyes, nose, throat and skin. Exposure to very high levels of NH 3 can cause serious burns and permanent damage to the eyes, lungs and skin [7] . Therefore, OSHA recommends that the level of NH 3 in workroom air should be limited to 50ppm for 5 minutes exposure [8] . Various studies have been carried out to investigate NH 3 emission sources [9] [10] [11] and NH 3 concentration in indoor air [12] [13] [14] [15] . Kobayashi reported that NH 3 generated from aggregates and cement contained in cement concrete cause the deterioration of linseed oil in oil paintings in newly constructed art museums [16] . It has also been reported that the addition of amines to antifreezing agents in cold regions also causes large amounts of NH 3 to be generated in cured cement concrete in the same manner as the case of amides [17] . Sisovic et al. investigated the relationship between indoor and outdoor NH 3 concentration in selected office buildings and reported that the NH 3 concentration of indoor air exceeded several times that of outdoor air [18] . Bai et al. examined the effect of temperature, relative humidity and air exchange rate on the emission of NH 3 from experimental samples of concrete wall in an environmental chamber [17] .
They reported that a high air exchange rate leads to a decreased NH 3 concentration, while an elevation of temperature increases the NH 3 concentration and volatilizing rate in the chamber. Puhakka et al. suggested -1 -remedial measures against high concentrations of NH 3 in buildings [19] . Recently, the cases of damage of residents or workers on construction sites due to an excessive concentration of indoor NH 3 have significantly increased, and reducing the risk caused by NH 3 in indoor air becomes a significant issue in Korea. However, only a few investigations on NH 3 released from cement concrete have been carried out.
The focus of this paper is to measure the emission of NH 3 from cement concrete using different aggregate according to the area of production and to investigate the relationship between the amount of organic matter and NH 4 + contained in the aggregate as well as the emission of NH 3 from cement concrete using different aggregate from area of production.
Materials and Methods

Materials
Ordinary Portland Cement (OPC) as specified in KS L 5201 (Portland cement, 2006) was used in the manufacture of all concrete. For the purpose of this study, 4 types of aggregate sample were collected from different areas of production as shown in Table 1 , and the material from Chonbuk Jeonju and Gunsan which is used in building and infrastructure construction, Jeonju and Gunsan are district of Chonbuk, located in Korea.
We carried out the experiment (organic matter, ammonium ion, CEC) for 3 times and the each value was expressed as an average of these measurements. And the chemical compositions and characteristics are shown in Table 2 and 5.
The aggregate samples were dried in a dry oven and then washed with running water after sorting with 40 µm sieves. As shown in Table 1 and cured for 24 hour in a constant temperature and humidity chamber at 20±2℃. Three mortar specimens were used for sampling of gases and the value was expressed as an average of these measurements.
Sampling of gases from cement concrete
The environmental chamber sampling system used in this study was especially designed and consists mainly of a 0.02m 3 stainless steel environmental chamber and cement mortar holder as shown in Fig. 2 , and gas -2 -sampling system as shown in Fig. 3 . Sampling of gases was performed by collecting the gases directly in an impinger using an MFC pump for gases released from cement mortar within the early hydration stage of 24hour. Absorbance of indophenol in each experiment was measured and the calibration curve was obtained by plotting absorbance against ammonia concentration. The slope of linear correlation is defined as 'absorbance sensitivity' and the slopes of experiment groups were compared to discuss the quality of ammonia analysis (Fig. 5 ). 
Measurement of Cation Exchange Capacity (CEC)
The concentration of cation exchange capacity in the aggregate was measured in accordance with KR10-03976281 (Measuring method of soil cation exchange capacity using methylene blue indicator). The aggregate was dissolved in methylene blue solution (soil:solution=1:10, % by mass) at 25℃ during 1hour, and then measurement of chromaticity by spectrophotometer (wavelength -609nm).
-4 - Table 3 shows the concentration of NH 3 released from cement mortar cured for 24 hour in the environmental chamber using a spectrometric method. It can be seen from Table 3 that the concentration of NH 3 of the M-3 using river aggregate is about 58.80ppm, which was more than 4.7 times that of the M-2 using land aggregate.
Results & Discussion
Emission of ammonia from cement mortar
However, the NH 3 concentrations of the M-1 using sea aggregate and M-4 concrete using crushed aggregate were about 1/3 times lower than those of the M-2 using land aggregate.
According to the report of the US Department of Health and Human Services, exposure to household NH 3 above 1ppm can cause irritation of the eyes, nose and throat and exposure to very high levels of NH 3 can cause serious burns and permanent damage to the eyes, lungs and skin. The OSHA has set a short-term (15min) exposure limit of 35ppm for NH 3 . The National Institute for Occupational Safety and Health recommends that the level in workroom air should be limited to 50ppm for 5 minutes of exposure.
Mechanism of ammonia volatilization
In general, NH 4 + in soil is released into the atmosphere by the chemical reaction of NH 4 + and alkali (OH -) as presented in equation (3) and this is called ammonia volatilization [20] .
On the same principle, the emission of NH 3 from cement concrete occurs by the chemical reaction of NH 4 + adsorbed into the aggregate and alkali produced by the hydration of cement. Hence, NH 4 + adsorbed into the aggregate is a primary source of NH 3 released from cement concrete. The concentration of NH 3 released from cement concrete within 24 hour was practically similar to the content of NH 4 + contained in the aggregate from different areas of production.
Creation of ammonium ion and adsorption
The contents of NH 4 + in the aggregate are significantly related to the organic matter contained in the aggregate.
Generally, part of the organic matter in the soil becomes organic nitrogen through the process of microbial breakdown for a certain period and pure NH 4 + is produced from the organic nitrogen. However, the contents of -5 - 
Characteristic of CEC and organic matter
The adsorption of cation and cation exchange interaction is determined by the cation exchange capacity (CEC), which is the absorbable and exchangeable ability of the cation. CEC of the soil is determined by the composite of the soil, quantity of clay and organic matter. Table 4 presents a typical CEC of soils and it is expected that the CEC of soils might be increased with an increase of organic matter contents [21] . Table 5 shows the contents of organic matter and CEC in the aggregate from different areas of production. In the cases of river aggregate (A-3) and land aggregate (A-2) containing high contents of organic matter, the CEC were higher than in other aggregate.
The special quality of the charge of organic matter plays an important part in strengthening the cation exchange capacity of soil. According as pH increases, the cation exchange capacity of organic matter increases remarkably. Table 2 presents the pH of soils of this study. The pH of river aggregate (A-3) is lower than that of other aggregates and sea aggregate (A-1) and crushed aggregate (A-4) have a pH of more than 7. However, the pH did not have a large influence on CEC. Because the pH difference was not significant in each aggregate sample, it is believed that the content of organic matter relates more to the CEC than to the pH of aggregate.
-6 -3.5. Relationship between ammonium ion and organic matter in different aggregate Table 5 shows the contents of organic matter and NH 4 + in the aggregate from different areas of production. In the cases of river (A-3) and land (A-2) aggregate containing high contents of organic matter, the NH 4 + was higher than in other aggregate. Hence, the composition possibility of NH 4 + in soil was increased with increasing organic matter content and the increase of organic matter leads to the increase of NH 4 + due to the high CEC of the aggregate.
The organic matter in soil adsorbs cation due to high CEC. Hence, the produced NH 4 + is absorbed into the aggregate by cation exchange interaction without spill.
Conclusion
The various gases occurring by the hydration process of cement concrete, among these gases, ammonia gas can be released to indoor-outdoor environment through diffusion in cement concrete. The emission of NH 3 from cement concrete using 4 types of aggregate according to the different areas of production was investigated using a gas-detecting tube test and the concentration of NH 3 released from cement concrete was compared to the contents of organic matter and NH 4 + contained in the aggregate. It is found that NH 3 released from cement concretes is produced by the reaction of NH 4 + adsorbed into the aggregate with a strong alkali in cement concrete, as a process of ammonia volatilization. The concentrations of NH 3 emission from cement concrete according to the aggregate used from different areas of production differ by more than 4 times. And the differences depend on the content of NH 4 + adsorbed into the aggregate.
The content of NH 4 + in sand is strongly related to the content of organic matter. This is because the composition possibility of NH 4 + in soil was increased with increasing organic matter content and the increase of organic matter leads to the increase of NH 4 + due to the high CEC of the aggregate.
Therefore, it is recommended that aggregate containing low organic matter is used in the manufacturing of concrete in order to reduce the emission of NH 3 from cement concrete building. Tables:   Table 1 Types of aggregate and mortar Table 2 Chemical compositions and characteristics of aggregate Table 3 Ammonia from cement mortar using different sand from area of production Fig. 1 Placing concrete into the environmental chamber 
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